Gene expression profiling identifies retinoids as potent inducers of macrophage lipid efflux.
Vitamin A and its naturally occurring derivatives 9-cis retinoic acid (9-cis RA) and all-trans retinoic acid (ATRA) exert a variety of biological effects including immunomodulation, growth, differentiation, and apoptosis of normal and neoblastic cells. In order to directly study the effects of these retinoids on macrophage gene expression and lipid metabolism, primary human monocytes and in vitro differentiated macrophages were stimulated with beta-carotene, 9-cis RA, and ATRA and global gene expression profiles were analyzed by Affymetrix DNA-microarrays and differentially regulated genes were verified by quantitative TaqMan RT-PCR. Among others, we have identified a strong up-regulation of a cluster of genes involved in cholesterol metabolism including apolipoproteins (apoC-I, apoC-II, apoC-IV, apoE), the scavenger receptor CD36, steroid-27-hydroxylase (CYP27A1), liver X receptor alpha (LXRalpha), and ATP-binding cassette transporters A1 (ABCA1) and G1 (ABCG1). Since the CYP27A1 gene displayed the strongest up-regulation on the mRNA level, we cloned various deletion constructs of the promoter region and analyzed the response to retinoids in macrophages. Thereby, a novel retinoic acid-responsive element could be located within 191 bp of the proximal CYP27A1 promoter. To further assess the functional consequences of retinoid receptor action, we carried out phospholipid and cholesterol efflux assays. We observed a strong induction of apoA-I-dependent lipid efflux in stimulated macrophages, implicating an important role for retinoids in cellular functions of macrophages.